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ABSTRACT ___----- 

Using the harmonic c o r r e ~ t i o n  bata c! t a i n e d  from 
thS  .!%% pQ1EIriZed prcp"con OpeX'atiOlI, F7E: Study the 
poss ib l e  misalignment error of the AGS magnets. 
Our r e s u l t s  indica-Le tIzat bes ides  certain systmatic 
erralrss t h e r e  is certain amount of t h e  random error 

Beside the inipor-tarzt high energy physics  s tudy  f o r  
the po la r i zed  proton,  the po la r i zed  proton can o f f e r  
certd3ir.l amount of i n f  ormation r e l evan t  do the 
irnprovsment of -Lhe AGS performance. 

whic:h seem35 t o  match the AGS e l eva t ion  survey da ta .  



1)  In t roduct ion  0 
The po la r i zed  proton i s  a 1 seful t o o l  for t h e  s tudy of the 

nrachine p r o p e r t i e s  i n  the AGS. The a c c e l e r a t i o n  of t h e  
p l a r i z e d  proton has t o  pass through many depo la r i za t ion  
re~onances  o:f t h e  rrnachine in order  t o  reach t h e  high eizergy. 
5ome of t h e s e  resonance r e l a t e d  t o  t h e  i n t r i n s i c  machine 
E t r u c t u r e ,  w:hile some of t h e s e  resonances r e l a t e d  -bo t h e  e r r o r s  
j n t h e  survey si? t h e  machine( irrlperf ec'sion resonances 1 . These 
imperfect ion resonarlees can be used as an i n d i e a t e r  f o r  t h e  
improvement of t h e  machine e r r o r s .  I n  t h i s  paper,  w e  shall t u r n  
t h e  problem around and ask t h e  ques t ion :  Can one use t h e s e  
c:xperimental information t o  de r ive  some message r e l a t e d  t o  t h e  
e r r o r  i n  t h e  AGS machine? 

Table 1. gives t h e  experimental  dala(ref.1) of t h e  harmonic: 
c torrect iors  used i n  t h e  po la r i zed  proton run.  We shall  t a k e  
i;hese numbers t o  eva lua te  t h e  closed o r b i t  e r r o r  and t h e  
e f f e c t i v e  d ipole  f i e l d  c o r r e c t i o n  t o  understand and t o  compare 
~ 7 i t h  the AGS survey d a t a .  F i n a l l y ,  w e  shall use t h e  survey d a t a  
i;o c a l c u l a t e  the depo la r i za t ion  resonance s t r e n g t h ,  which shall  
%E compared with t h e  experimental  resonance strengt.hs . 
Sect ion  2 b r i e f l y  review t h e  the t h e o r y ( r e f .  2) of t h e  o r b i t  
c a l c u l a t i o n  by assuming t h e s e  harinonic c o r r e c t o r s  l oca t ed  
uni€ormly( 95 k i cke r s  from A-L supe rpe r iods ) .  Section 3 g ives  
iaumerica1 computations of t h e  e f f e c t s  of t h e s e  harmonic k i cke r s  
1;s the o r b i t  of t h e  beam i n  t h e  AGS. Using t h e s e  numerical 
~ x s u l t s ,  we shall then  compare with t h e  AGS survey data. The 
c:onclusion i s  given i n  Sec t ion  4.  



TABLE 1. AGS experimental result of harmonic correctors 
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2 )  The o r b i t  d i s t o r t i o n  

The closed o r b i t  of the  machine i n  t h e  presence  of d i p o l e  
k i c k e r s  i s  given by 

0 (14 

%,here d E ( s )  i s  the f i e l d  error and B i s  the magnetic 
I igidity of the p a r t i c l e s .  Transf orrning (1) i n t o  normalized 
phase space ,using 

one o b t a i n s  

"he c l o s e d  o r b i t  i s  t h e  p e r i o d i c  s o l u t i o n  of (4) as 

1 she  re 



.’ I ,  . 

I f  t h e  drivi:ag eoinponent of t h e  o r b i t  i s  expanded i n t o  a Four ie r  

t h e  pe r iod ic  s o l u t i o n  of ( 4 )  becomes 

’llhae closed orbit i s  most s e n s i t i v e  t o  t h e  those  Four ie r  
components i n  t h e  f i e l d  e r r o r  whose harmonic conten t  i s  nea res t  
to t h e  tune  of t h e  nrrachine $. 

]:I1 9 .  Numerical a n a l y s i s  

Using t h e  experimental  da t a  obtained f r o m  -the AGS 
po la r i zed  proton s tudy,  we s h a l l  analyze t h e  machine p r o p e r t i e s .  
Fig.  1 shows t h e  abso lu te  k i cke r  s t r e n g t h  An/n and Bn/n, where 
n=G* =G%c;icB / n r c A 2  with t h e  assumption t h a t  t h e  v e l o c i t y  of 
the p a r t i c l e  approaches t h e  speed of l i g h t .  W e  no te  t h a t  t h e  
harmonic number 12  i s  t h e  h ighes t  con t r ibu t ion  i n  t h e  Bicker 
!;-trerigth. This may be r e l a t e d  to t h e  f a c t  t h a t  t h e  AGS machine 
%lax  c e r t a i n  systematic  error. There are many poss ib l e  causes 
of t h e  sys-tmatic e r r o r  i n  t h e  AGS with supe rpe r iod ic i ty  of 1 2 .  
TJe s h a l l  not  specu la t e  these sys tmat ic  e r r o r  here.We s h a l l  shows 
-;hat t h e  depo la r i za t ion  resonarice s t r e n g t h s  observed i n  t h e  BGS 
tsxperiment agrees  t o  some e x t e n t  wi th  t h a t  calcula-ted from t h e  
AGS survey d a t a  i n  1985. 

F ig .2  shows t h e  consis tency of t h e  o r b i t  d i s t o r t i o n  of 9 
;ind 27 (which uses 9 t h  harmonic t o  c o r r e c t  the o r b i t )  harmonics 
compared with t h e  12th  har~taoaic o r b i t  displacement.  We observed 
-;hat t h e  9 th  and the 27th agree with each o t h e r  and i s  much 
.Larger than  t h e  o r b i t  d i s t to r t io r i  of t h e  12th  harmonic. 
S imi l a r ly ,  F i g . 3  shows t h e  6-th with 28(which uses also 8 t h )  
o r b i t .  I n  the co r rec t ion  scheme, t h e  8 t h  and t h e  9 t h  harrmonics 
x - e  i n t r i n s i c a l l y  r e l a t e d  the  tune  of t h e  machine a t  5.75. I n  
I>rder t o  f i n d  out t h e  machine e r r o r ,  w e  s h a l l  s u b t r a c t  the  o r b i t  
e r r o r  due t o  the 8 and 9 t h  harmonics and compared with t h e  12th  
:nannonic. F i g .  4 shows t h a t  t h e  o r b i t  error(summation from 7-26 
harmonics ) excluding t h e  8 and 9 t h  harmonics i n  comparison with 
the 1 2  t h  harmonic. We see t h a t  t h e  dev ia t ion  from p o s s i b l e  
systmatic e r r o r s  appear a t  6: D and F G H superperiods. L e t  u s  
riow examine t h e  to ta l .  ho r i zon ta l  f i e l d  due t o  t h e s e  k i cke r s .  



E'ig.5 shows the fieEd error i n  t h e  o r b i t .  Again w e  observed t h a t  
t ,he superperiods C and F G H a r e  t h e  most important c o n t r i b u t o r  
l e s i d e s  the systrna-tic errors. By mali-,iag t h e  surmise t h a t  t h e  
i.epola;rizati~om resonance streerigtlz i s  propor t iona l  t o  t h e  o r b i t  
d . i s to r t ion  ( I n  r e a l i t y ,  the s i t u a t i o n  i s  much more complicated) ,  
FIE? def irie t h e  relative resonance strerigth BB 

Fig .  6 shows the relat ive depo la r i za t ion  resonance s t r e n g t h  from 
%lie AGS da t a  of Table 1. Fig .  7 shows t h e  depo la r i za t ion  
i*esonance s t r e n g t h  c a l c u l a t e d  from the 1985 AGS survey d a t a  of 
xiisalignment error(see Fig.  $)by us ing  t h e  DEPQL program(ref .3) .  

1111 1 .  Discussion 

poss ib l e  d e t e c t a b l e  e r r o r  f o r  the improvement of t h e  AGS 
riachine. The study shows t h a t  t h e  harmonic co r rec t ion  do r evea l  
c:ertain consis tency of the sys tmat ic  and random e r r o r  i n  t h e  AGS 
machine i n  comparison w i t h  t h e  r ecen t  AGS survey d a t a .  Our 

use fu l  (bes ide  the important p a r t i c l e  physics  experiments ) 
:af ormation on t h e  transverse ver t ical  plarie of t h e  machine 
p r o p e r t i e s .  

W e  have used the AGS depo la r i za t ion  d a t a  t o  ana lyze  t h e  

@ a n a l y s i s  proves t h a t  t h e  po la r i zed  proton does indeed provide 
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E'igure Captions: 
-.-- _ - _ _ _ _ - _ _ _ _ _  

E'ig. 1 

I ' ig .  2 

Yig. 3 

Fig .  4 

Ifig. 5 

F i g .  8 

The normalized resoaamy~! s t r e n g t h  of t h e  AGS harmonic 
c o r r e c t o r s .  Each u n i t  i n  t h e  ver t ical  scale corresponds 

4<dL/(E( j  ) = . 0 7 1 6 .  

Orbi t  d i s t o r t i o n  due t o  t h e  9 t h  harmonic c o r r e c t o r .  The 
each sacle correspons t o  13.9mn of displacement i n  t h e  
ver t ical  d i r e c t i o n .  Note t h a t  t h e  9 t h  harmonic c o r r e c t o r  
f o r  t h e  27th harmonic give i d e n t i c a l  o r b i t  displacement 
as t h a t  of t h e  9 t h  harmonic a t  n=9. 

Same as t h a t  of F ig .2  bu t  f o r  t h e  8 t h  arid t h e  28th 
harmoni-cs , where t h e  23th harmonic i s  co r rec t ed  with 
8 t h  harmonic o r b i t  c o r r e c t o r .  

Excluding t h e  i n t r i n s i c  machine o r b i t  displacements a t  
8 and 9 th  harmonics, w e  compare the t o t a l  o r b i t  
d i s t o r t i o n  of t h e  p s s s i b l e  systmatic  con t r ibu t ion  of t h e  
42th. harinonic with t h a t  of a l l  c o r r e c t o r s  bu t  8 arid 9 th .  
We observed t h a t  bes ides  t h e  12th  systmatic  e r r o r ,  
random e r r o r  appears most important ly  a t  the C D and F G 
H superperiods.  

Horizontal  f i e l d  e r r o r  as a r a t i o  t h e  main d ipo le  f i e l d  
as a. func t ion  of t h e  machine l o c a t i o n .  Mote t h a t  t h e  
f i e l d  e r r o r  does riot exclude t h e  8 and 9 t h  harmonics. 
Again t h e  f i e l d  e r r o r  graph s h o w  some i n t e r e s t i n g  
random e r r o r  appear a t  C and F G H superperiods.  

The imperfect ion resonance der ived  from t h e  assumption 
that ,  t h e  resonance s t r e n g t h  i s  propor t iona l  t o  t h e  
amplitude of t h e  o r b i t  d i s t o r t i o n .  

The imperfect ion resonance s t r e n g l h  c a l c u l a t e d  f ro in  t he  
AGS survey d a t a  of v e r t i c a l  misalignment i n  1985. This 
graph ~ h o u l d  be compared with t h a t  of Fig.  6.Note t h a t  
t h e  imperfect ion resonxnces a t  21=12+9,27=36-9 and 
45=36+9 has domina-bely t h e  harmonic conten t  of 9 .  The 
resonance a t  1 2  i s  indeed l a r g e r  than  than  t h a t  
calctulated wi th  t h e  random riunnber genera tor  f o r  t h e  
magnet misa%ignment . But t h e  c a l c u l a t e d  s t r e n g t h  i s  
however a f a c t o r  of 3 smaller than  t h a t  of Fig.  6 
(Not,e t h e  re la t ive  s t r e n g t h  between 9 and 1 2  f o r  F igs .  
6 and 7 ) .  Therefore t h e  d iscr ipancy  mus% come from o-Lhex 
sources. 

The A G 5  survey d a t a .  
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